Abstract If robots are to successfully interact with humans, they need to measure, quantify and respond to the emotions we produce. Similar to humans, the perceptual cue inputs to any modelling that allows this will be based on behavioural expression and body activity features that are prototypical of each emotion. However, the likely employment of such robots in different cultures necessitates the tuning of the emotion feature recognition system to the specific feature profiles present in these cultures. The amount of tuning depends on the relative convergence of the cross-cultural mappings between the emotion feature profiles of the cultures where the robots will be used. The GRID instrument and the cognitive corpus linguistics methodology were used in a contrastive study analysing a selection of behavioural expression and body activity features to compare the feature profiles of joy, sadness, fear and anger within and between Polish and British English. The intra-linguistic differences that were found in the profile of emotion features suggest that weightings based on this profile can be used in robotic modelling to create emotion-sensitive socially interacting robots. Our crosscultural results further indicate that this profile of features needs to be tuned in robots to make them emotionally competent in different cultures.
Introduction
To accomplish successful social interaction with humans, robots need to identify and respond to emotions. In order to achieve human-like competence in decoding emotions, such robots would need to measure and quantify the same sensory cues that are processed by humans, namely linguistic, paralinguistic, facial, body movement and physiological features. One of the aims of the present study reported in this paper was to compare sadness, joy, fear and anger on such sensory cues within British English and within Polish. Generally recognised as basic emotions, joy, sadness, fear and anger were selected on the basis of being relatively common emotions that signify the occurrence of important events. It is such central emotions that emotion-sensitive socially interacting robots should be able to detect and respond to if they are to be emotionally competent socially interacting beings. Although there has been progress in research investigating robotic recognition and interpretation of sensory cues with regard to emotion identification, relatively little empirical attention has been focused on how socially interactive robots might overcome cross-cultural challenges in order to accurately decode emotions in different cultures. The second and main aim of our study was to investigate such challenges by assessing the differences between Polish and British English in the profiles of joy, sadness, fear and anger on linguistic, paralinguistic, facial, body movement and physiological features. Any socially interactive entity, be it a human or a robot, would need to distinguish between these differences to successfully decode emotions in the two cultures.
The wealth of recent studies showing cross-linguistic and cross-cultural differences in emotions highlights the challenge that emotion-sensitive interactive robots face if they are to interact socially in different languages and cultures. In our research employing the GRID (see below for more details) and corpus methodologies, we have observed, for example, that British English fear is more of an energising emotion than its Polish counterpart strach, suggesting that British English fear is more akin to a variant of fear in which an individual feels powerful and dominant and, if successful, is in control of fear [18] . We have also shown that Polish and English differ in their emotional profiles of happiness and contentment [37] , and surprise [17] . Other studies have shown similar inequivalences in language terms across languages and cultures. For example, Alonso-Arbiol and van der Vijer [1] observed that whereas Spanish 'desesperación' (despair) is a combination of sadness and the anger elements of frustration/ exasperation, the English and Basque ('etsipena') equivalents are instances of a more general sadness category. Demonstrating cross-cultural emotion differences within one language, Mortillaro et al. [20] show that whereas Southern Italians conceptualise pride negatively, Northern Italians consider pride to be a comparably more positive emotion. The results of a study by Ishii [12] revealed that whereas happiness was associated more with pride in American English on bodily reaction features, it was more connected with love on these features in Japanese. The question that arises is whether such diverse cross-linguistic and cross-cultural differences have a theoretical explanation. Although some of the inequivalent cross-linguistic and cross-cultural emotion patterning is accounted for within the framework of Hofstede's [11] collectivism versus individualism, other findings appear idiosyncratic to specific cultures and fall outside overarching theoretical explanation. The main aim of the present study was to assess the differences between Polish and British English in the expression feature profiles of joy, sadness, fear and anger that might be decoded by a socially competent robot, as it is these differences that any entity navigating within a socially interactive environment would need to identify in order to operate successfully at an emotional level. Therefore, the approach adopted in the present paper is pragmatic in the sense of identifying differences in emotion features that would allow robots to be linguistically and culturally competent in terms of emotion differences rather than identifying the underlying theoretical reasons for these differences. 1 Our contribution to affective robotics in the present paper presupposes a theory of human emotions and includes their description and presentation. Social robotics considers emotions in their broad biological sense as automated homoeostatic regulation [5] at different levels of biological behaviour, including man-robot linguistic communication. Taken in this sense, robots, both expressing artificial emotions as well as perceiving and recognising them, can be modelled in terms of emotionalhomoeostatic architecture. The research methodology applied can either be more directly applicable at the interface and robot design of emotion modelling or can provide some materials on which to further develop models of socially interactive robots to be used in different functions such as medical and therapeutic aids and educational and entertaining devices.
While preliminary emphasis in social robotics is conventionally put on dyadic query-response acts in manmachine communication, more sophisticated modelling will involve more varied signals (components) and patterns of linguistic structures and behaviour for emotion recognition and expression. A change of events in the surrounding is often signalled via (bodily and linguistic) emotional behaviour in human agents and is likely to be perceived as such by robots. In other words, human emotional behaviour, expressed by our bodies and language, signals changes in the contextual surrounding, and whereas some of these can be, for instance, threatening and induce fear, others will be entertaining and constitute antecedents of joy.
Our emotion research uses two approaches to emotion studies: the GRID and cognitive corpus linguistics methodologies. The GRID instrument [9, 26] employs a system of dimensions and components, which bring about insight into the nature of emotion prototypical structures. The GRID project is coordinated by the Swiss Center for Affective Sciences at the University of Geneva in collaboration with Ghent University and is a worldwide study of emotional patterning across 23 languages and 27 countries. The GRID instrument comprises a Web-based questionnaire in which 24 prototypical emotion terms are evaluated on 144 emotion features. These features represent activity in all six of the major components of emotion. Thirty-one features relate to appraisals of events, eighteen to psychophysiological changes, twenty-six to facial, vocal or gestural expressions, forty to action tendencies, twentytwo to subjective experiences and four to emotion regulation. An additional three features refer to other qualities, such as frequency and social acceptability of the emotion. Participants are asked to rate the likelihood of these features for the various emotions. This methodology is comprehensive in its scope as it allows the multicultural comparison of emotion conceptualisations on all six of the emotion categories recognised by emotion theorists [7, 21, 26] .
The cognitive corpus linguistics approach provides information on the probabilities of the occurrence of some linguistic patterns of emotional language use based on their frequencies and distributional patterns. Both methods are employed in the context of basic emotion event scenarios (EES) (Lewandowska-Tomaszczyk and Wilson [19] , which identify the effects of emotion stimuli on Experiencer, and his/her embodied (bodily and mental) and exbodied reactions, linguistically expressed via segmental and prosodic properties, which characterise some but not other emotional states. Our proposal of a Prototypical EES [36] covers the following constituents:
Context (Biological predispositions of Experiencer; Social and Cultural conditioning; On-line contextual properties of Event) [Stimulus ? Experiencer {(internally and externally manifested) physiological and physical symptoms; affective state ? (internally experienced) Emotion} ? possible external reaction(s) of Experiencer (blending; language: metaphor; emotion and emotional talk; non-verbal reactions)]
Language corpora are large collections of language materials, both spoken and written, and are representative of different linguistic styles and genres. The corpus materials used in the analysis reported in the present paper are derived from the British National Corpus (BNC: http:// www.natcorp.ox.ac.uk/ comprising 100 million words) and the National Corpus of Polish (nkjp.pl, comprising over 260 million words).
The internal structure of emotion concepts and the regularities in their co-occurrence with bodily and contextual emotion signals are also analysed, taking insight from cognitive linguistics [14] , Langacker [15] , particularly from the analysis of figurative (first of all, metaphoric) language. Metaphorisation is a mental process of perceiving one (usually more abstract) object or event in terms of another, which is typically a more concrete one.
Other relevant concepts in linguistics are collocations. A collocation [10] is a sequence of words or terms that cooccur more often than would be expected by chance. For example, the Polish phrase wpaść w gniew (lit. 'fall in anger') is a conventional (metaphoric) collocation in Polish while in English the expression? fall in anger would not be considered correct by native speakers of English; by contrast, the expression fall in love would be fully acceptable as an English collocation. The 'fall in' metaphors in these collocations highlight the fairly sudden, frequently unexpected and not fully controlled, nature of this manifestation of emotion. Another metaphoric collocation involving the descriptive element of venting (e.g. he vented his embarrassment/anger/frustration by…) underlies the negative character of these emotions and the process which leads to decreased power and weakening of the Experiencer, letting metaphorical air (anger) escape or release from confinement and, similarly to a tyre, making it flat (devoid of tension-power). Metaphors and the verbal material in collocations are retrievable from corpus materials. Research on corpus data uncovers elements of the EES and is likely to point to the consequences of relevant stimuli, and the properties of major significance in emotionally threatening contexts and their possible negative outcomes, which are crucial for social robotics.
The tools used to generate concordance and collocation sets for both languages are a set of HASK tools (PelcraHask.pl), which display collocations in basic Part-OfSpeech patterns and their frequencies. 2 Parts of speech are linguistic categories of words, which are characterised by similar (syntactic and morphological) properties and distribution in the sentence. The main parts of speech are Nouns (boy, chair, water, etc.), Adjectives (tall, old, lovely, etc.), Verbs (dance, write, grow, be, etc.) and Adverbs (slowly, well, fast, etc.).
Collocations with major parts of speech can be automatically generated from corpus data. Collocates of a word are generated in a window of 5 words before and after the investigated term, which is the standard practice in corpus linguistics, and the relevant t test scores are provided. Programs calculate the degree of association between terms based on measures of association, which, in our study, refers to the value of Mutual Information (MI). Our software also offers the possibility of filtering the collocations in terms of their grammatical class (Nouns, Verbs, Adjectives), which we find useful to identify in order to elaborate on the components of particular Emotion Scenarios (Experiencers, Stimuli/Sources, etc.). The top 15 collocations for each of the Polish and English emotions relevant to the present paper are presented in the tables in the appendices. Regular patterns of collocation structure, in which an emotion term is a headword that co-occurs with its closest collocates, uncover regularities in Polish and English emotion content and corresponding behavioural correlates.
Secondly, in addition to inspecting a list of lexical collocates of an emotion word (e.g. fear, joy or sadness), there is an added value in looking at the full verbal contexts in which the word is used because it can reveal additional characteristics of the emotion (for example, eliciting event sources and its expression). The analysis of the phrases and sentences in which a word appears can be done through Key Word in Context (KWIC) searches, where the analyst specifies the word to be looked up, and the program retrieves all instances of use of that word in the corpus and its immediate context. The lexical items immediately surrounding a headword are also referred to as the word's concordance. In our methodology, additional properties of emotions generated from the corpora enrich and provide independent evidence for the characteristics obtained by means of the GRID questionnaire.
As observed in our previous studies [37] , some emotions like happiness and szczęście, in some of their senses, display a more overlapping equivalent structure between English and Polish; however, some others (fear-strach and sadness-smutek) diverge to a larger extent. Additionally, there are emotions such as anger in English, which are conventionally correlated with two distinct counterparts in Polish, gniew and złość (see [33] ; relevant lexicographic data is also available from bilingual dictionaries, e.g. Great English-Polish Dictionary 2002). In the present paper, we make an attempt to establish to what extent English anger is a blended combination of gniew and złość, and in which contexts its behaviour in language use can provide clues to identify its two senses: one more similar to gniew-in which 'anger' designates a more predictable and controllable emotion and the other resembling złość-an emotion more difficult to constrain.
Our system does not provide all the information to enable explicit, rich-context modelling of emotion production or perception, but provides sufficient data to model culture-bound human-like emotional behaviour by resorting to the clusters of preferential conditions present in the implementation of a particular EES (see above) in a given cultural and linguistic context. In this sense, our data should be viewed as complementing other studies focusing on the robotic encoding and decoding of emotions.
In this study, we focus on the expression characteristics of emotions. More specifically, we look at five types of perceptual features (or 'sensory cues') that signal the presence of an emotion: linguistic features (e.g. produced a short utterance), paralinguistic features (e.g. had a trembling voice), facial features (e.g. frowned), body movement features (e.g. abrupt bodily movements) and physiological features (e.g. breathing getting faster). Accurate decoding of such sensory cues is fundamental to the interactive success that social robots need to achieve when communicating with humans. The data from the five categories of sensory cues reported in the present study are relevant to the main fields of robotics emotion research. Wimmer et al. [38] report that, in a model with facial feature extraction comprising structural and facial features, robots are able to recognise 67 % of human facial expressions. Vogt et al. [30] outline solutions to the problems that prevent automatic emotion recognition systems being able to recognise human emotions from vocal cues in real time.
Castellano et al. [4] demonstrate that 'high' and 'low arousal' emotions can be distinguished from 'positive' and 'negative' emotions from expressive motion cues that could be used by artificial, automatic systems to decode emotions from human movement. Barber et al. [2] assess the state of the art regarding the robotic remote encoding of human physiological measures in natural settings and the steps that are necessary for humans to use this information in decision making. The common fundamental element of these studies is the identification of the sensory cues that socially interactive robots need to accurately decode if they are to successfully distinguish between human emotions.
We aim to investigate sensory cue profiles in the present study to determine both intra-linguistic and interlinguistic differences in emotion expression. Profiles of sensory cues have been employed effectively to determine conceptual differences between emotions within languages. For example, using the GRID methodology, Ogarkova et al. [22] analysed the means of sensory cue features (e.g. showed tears, spoke slower, frowned, spoke faster and felt hot) to show that Russian toska is conceptually closer to sadness than to anxiety/fear. Turning to a cross-linguistic perspective, Scherer and Walbott [27] employed a methodology in which participants from 37 countries were asked to provide physiological symptoms and expressive reactions, including bodily symptoms, non-verbal expressive reactions, and verbal reactions, to recalled, personal emotional situations. The relatively strong universal, emotion-specific effects showed differences in the profiles for joy, fear, anger, sadness, disgust, shame and guilt. It was observed, for example, that joy is characterised by very expressive non-verbal and verbal behaviour, a strong orientation towards other people and a feeling of warmth or heat. By contrast, sadness has a strong non-verbal expression but little vocal or verbal behaviour and is further characterised by an orientation away from other people and a feeling of being cold. Fear has a relatively lower outward expression, with high arousal and a feeling of coldness. Anger is characterised by high verbal and nonverbal expression, with high arousal and high felt temperature. These emotions were relatively consistent across the cultures examined, with only small to moderate interactions between country and emotion. However, it must be noted that the variables comprised the composite sum of sensory cue features. For example, the verbal behaviour variable was the sum of silence, short utterance, one/two sentences and long utterance. In comparison, more recent studies that have included a more fine-grained focus on specific sensory features in different perceptual modalities have shown more pronounced cross-cultural differences. Comparing Western Caucasian and East Asian observations of computermodelled facial expressions of happiness, surprise, fear, disgust, anger and sadness, Jack et al. [13] concluded that ''facial expressions of emotion are culture specific'' (p. 7242). Laukka et al. [16] employed machine learning simulations to classify the vocal expression of emotions produced by professional actors in 5 English-speaking cultures. Although there was some cross-cultural consistency in the classifications of emotions, further results showed a within-culture recognition advantage of vocally expressed emotions in comparison with the cross-cultural condition. To conclude, the emotion-specific effects regarding the differences in sensory cues appear to be greater than the cross-cultural differences. However, there is evidence, especially in more recent studies, pointing to more pronounced differences in such cues across cultures.
GRID Methodology

Procedure
Participants completed the GRID instrument in a controlled Web study [25] , in which each participant was presented with four emotion terms randomly chosen from the set of 24 and asked to rate each in terms of the 144 emotion features. They rated the likelihood that each of the 144 emotion features can be inferred when a person from their cultural group uses the emotion term to describe an emotional experience. A 9-point scale was employed that ranged from extremely unlikely (1) to extremely likely (9)-the numbers 2 to 8 were placed at equidistant intervals between the two ends of the scale, with 5 'neither unlikely, nor likely' in the middle and participants typed their ratings on the keyboard. It was clearly stated that the participants needed to rate the likelihood of occurrence of each of the features when somebody who speaks their language describes an emotional experience with the emotion terms presented. Each of the 144 emotion features was presented separately, and participants rated all four emotion terms for that feature before proceeding to the next feature.
Participants
The mean ages and gender ratios of the participants for each of the emotion terms were as follows: 
GRID Features and Emotions
The present study reported in this paper used thirty-three GRID features that were selected on the basis of behavioural expression or body activity and, apart from sing and dance, can be grouped into the following five categories: physiological features, facial expression features, body movement features, paralinguistic features and linguistic features (see Tables 1 and 2 for the selection of GRID features).
The emotions selected for the present study were British English sadness, joy, fear and anger, and their Polish counterparts smutek, radość, strach, złość and gniew, the latter two being common types of anger in Polish [33] . Anger was specifically chosen to highlight the complexity of cross-cultural differences that emotion-sensitive robots will need to address if they are to be used in different cultures.
Both intra-linguistic and English-Polish inter-linguistic differences are made more explicit in terms of the GRID components and in the corpus data as will be discussed in the sections to follow.
GRID Dimensions
In an initial study of the dimensional structure of emotions using the GRID instrument, Fontaine et al. [8] derived a four-dimensional structure for English, French and Dutch that comprised valence, power, arousal and novelty. Analyses performed on the data from all of the languages represented in the GRID project have reproduced this dimensional structure [9] . To determine the dimensional structure of the Polish and British English data in the present study, principle components analysis (PCA) with varimax rotation was performed on the combined dataset of these two languages. There were 201 British English participants (124 females) with a men age of 21.5 years, and 124 Polish participants (95 females) with a mean age of 23.2 years. The four-dimensional solution that was selected comprised the same dimensions as Fontaine et al. [8] and Fontaine et al. [9] and accounted for 81.9 % of the total variance. The first dimension (valence) accounted for 52.9 % of the variance, the second dimension (power) for 15.5 %, the third dimension (arousal) for 8.3 % and the last dimension (novelty) for 5.1 %. A sensory cue GRID feature was included in a dimension if it achieved a 0.6 loading on this dimension (see ''Appendix 2'' for loadings of sensory cue GRID features on dimensions). The valence dimension is characterised by appraisals of intrinsic pleasure and goal conduciveness. Other features include action tendencies of approach versus avoidance, and pleasant emotions versus unpleasant emotions (valence sensory cue features in the present study: felt cold, smiled, pressed lips together, frowned, moved towards people or things, withdrew from people or things, had a trembling voice, produced a short utterance, produced a long utterance, produced speech disturbances, wanted to sing or dance). Power includes appraisals of control, leading to feelings of power and weakness. It is also characterised by appraisals of interpersonal dominance or submission (power sensory cue features in the present study: closed his or her eyes, increased the volume of voice, decreased the volume of voice, had an assertive voice, fell silent, spoke faster, spoke slower). The arousal dimension is mainly characterised by sympathetic arousal (arousal sensory cue features in the present study: felt shivers, heartbeat slowing down, heartbeat getting faster, breathing slowing down, breathing getting faster, perspired/moist hands, sweat, felt hot, abrupt bodily movements). The fourth dimension is represented by novelty. On this dimension, appraisals of novelty and unpredictability are compared with expectedness or familiarity (novelty sensory cue features in the present study: jaw dropped, eyebrows went up, opened his or her eyes widely). Three of the GRID features, blushed, showed tears and changed melody of speech, were not included in any of the four dimensions as they had loadings less than 0.6 on all of these. It must be stressed that there are other GRID features that load on each of the four dimensions apart from the features presented above. However, these were not selected in the present study because they did not comprise the sensory cue elements that could be encoded by socially interactive robots. As the GRID questionnaire is suited to provide a precise characterisation of the dimensional values of the various emotions and the statistical differences between the languages, the extent to which each of the dimensions can be represented by a reduced number of sensory cue features is uncertain. The results of the present study should therefore be viewed as initial indications about the overall dimensionality of the respective emotions in English and Polish, which would merit further investigation and confirmation.
Analyses and Results
Intra-linguistic and inter-linguistic analyses were performed on the GRID data. For both of these, the results are grouped and presented in Tables 1, 2 , 3, 4, 5 and 6 on the basis of emotions in the following order: sadness, joy, fear and anger. It was decided that anger should be presented last as it is potentially the least equivalent between Polish and British English on account of the two distinct Polish concepts, złość and gniew.
Intra-Linguistic Analyses
Two separate MANOVAs were performed on the British English and Polish GRID samples. For both British English and Polish, the dependent variables were the thirty-three behavioural expression/body activity features (see Tables 1  and 2 ). The independent variable for British English was emotion (sadness, joy, fear and anger), with the dependent variable for Polish also being emotion (smutek, radość, strach, złość and gniew). There was a significant interaction between emotion and behavioural expression/body activity features for both British English (F (33, 99) = 8.83, p \ 0.01) and Polish (F (33, 132) = 7.14, p \ 0.01), showing that the differences between the F in the column for anger. This means that felt shivers is significantly more likely to occur for fear than sadness, joy and anger.
Inter-Linguistic Analyses
Five independent t tests were performed between the equivalent emotions in British English and Polish (sadness-smutek, joy-radość, fear-strach, anger-złość and anger-gniew). To ensure that the cumulative Type 1 error was below 0.05, the Bonferroni correction was applied, resulting in an a level of 0.01. Tables 3, 4, 5 and 6 show the means for the behavioural expression/body activity features where there were significant differences between British English and Polish.
The results of these intra-and inter-linguistic analyses are presented for the Polish and British English equivalents of each of the emotions in separate sections below.
Sadness (British English Sadness and Polish Smutek) Tables 1 and 2 show that relative to the other emotions both British English sadness and Polish smutek are characterised by lower arousal (e.g. slower heartbeat and breathing, and less sweating). However, the significantly lower values for heartbeat getting faster, breathing getting faster and felt hot presented in Table 3 for smutek suggest that although this emotion is less activated in both languages, it is more so in Polish. As expected, power is also lower in both of these emotions, as evidenced by the linguistic and paralinguistic features decreased the volume of voice, fell silent and spoke slower. Smutek is somewhat lower in power compared with sadness (see increased the volume of voice and had an assertive voice, Table 3 ), showing that despite power being low in both languages, it is to some extent lower in Polish. The negative valence that is characteristic of sadness and smutek is shown by the less likelihood of smiling, relatively more withdrawal from people or things, and feeling cold in Tables 1 and 2 . Although negative valence characterises both sadness and smutek, the relative valence between these two emotions is less clear, with significantly higher ratings for sadness on both the positively valenced features of moved towards and sing and dance and the negatively valenced feature of frowned (Table 3 ). There is also evidence that sadness and smutek, relative to the other emotions, are more predictable, as shown by the relatively low scores on opened his or her eyes widely and eyebrows went up in Tables 1 and 2 , with smutek having more of an element of predictability than sadness, as shown in Table 3 by the lower likelihood of the opening of eyes. A characteristic feature of the English-Polish corpusbased contrasts concerning sadness (see appendices for SADNESS and SMUTEK Nouns, Adjectives, Verbs) is the more frequent collocate links between smutek and Polish adjectives expressing higher intensity (przejmujący 'piercing, bitter', bezbrze_ zny 'infinite lit. unbounded, boundless', etc.), when compared with English. Similarly, the top verbal collocations include metaphoric phrases showing a higher degree of emotion intensity in Polish than in English (pogrą _ zyć 'plunge', ogarnąć 'overwhelmed (by sadness)', topić 'sunk (in sadness)', napawać 'filled with (sadness)'). Examples of English and Polish concordances identify the characteristic properties of these emotions:
GRID Results
SADNESS concordances
(1) The fear and great sadness are expressed through the cry and the use of shiver (2) tears of real sadness (3) her hands, for once, lying idle in her lap, an expression of infinite sadness on her face (4) let out a terrible call and shriek of sadness SMUTEK 'sadness' concordances (5) Smutek na twarzy 'sadness on face' (6) Anders pokiwał ze smutkiem głową 'Anders nodded his head with sadness'
In addition to the bodily reactions involving the emotion of sadness, concordances can reveal a range of shades of the emotion, by using relevant modifying phrases such as great, gentle, rich, full, extreme, enormous, dull, dignified and deep:
GRID Versus Corpus Results
The cross-cultural consistency shown between the GRID and corpora results on the power dimension suggests that this is a salient feature distinguishing between Polish and British English sadness. The GRID results showing an element of lower power in smutek compared with sadness (increased the volume of voice and had an assertive voice) are also reflected in the higher degree of emotion intensity in Polish metaphoric phrases than in English (pogrą _ zyć 'plunge', ogarnąć 'overwhelmed (by sadness)', topić 'sunk (in sadness)', napawać 'filled with (sadness)'), which clearly point to relatively lower power in Polish. Consistent with this, the concordance data for sadness refer to the letting out of 'a terrible call and shriek of sadness'-an action characterising relatively higher power. The relatively lower arousal and somewhat more predictability in smutek compared with sadness is partly supported by some corpus data, which generate przygnębienie 'depression', melancholia 'melancholy' or apatia 'apathy' as contextual collocational forms in Polish, while the top most emotion collocate form in English is anger.
Joy (British English Joy and Polish Radość)
GRID Results
In Tables 1 and 2 , it can be seen that joy and radość are similar, positive emotions that invite social engagement (e.g. relatively high values for smiling, moving towards people or things and wanting to sing or dance, but a low score for falling silent). There is only one significant difference between these emotions (jaw dropped is higher in joy), which shows that joy (mean: 6.42) might entail relatively more surprise (Table 4) relative to radość (mean: 3.81); however, neither emotion has an extreme rating on this feature.
Corpus Analysis Results
The GRID joy results are complemented by the corpus data. The immediate context of English joy, expressed in terms of verbal collocates, indicates a strong element of bodily reaction engagement (bring, jump, experience, discover, watch, dance, share, express, ride, weep, behold, burst, fill, leap, sing, shout, kiss), while a clear feature of radość is its more social (collectivist) character (dawać 'give', przynosić 'bring', przyjąć 'receive', witać 'greet', dzielić 'share'), but also the presence of a certain amount of control (kontrolować 'control', chować/ukrywać 'hide'). Less frequent collocates of Polish radość 'joy' also include activities such as in (8) 
GRID Versus Corpus Results
The corpora results add more in-depth information to the GRID findings on the comparison between joy and radość. The verbal collocates that characterise bodily reaction engagement (e.g. dance, laugh, sing, kiss and express) in both joy and radość are consistent with the social engagement action features shown in the GRID results for these emotions. However, frequencies of these bodily reaction engagement collocates are lower for radość, suggesting that joy might be characterised by more of an element of outward action and engagement than radość. This possibility is consistent with a certain amount of control (kontrolować 'control', chować/ukrywać 'hide') in the verbal collocates of radość. Verbal collocates also suggest that radość has a certain social (collectivistic) element compared with joy (e.g. dawać 'give', przynosić 'bring', przyjąć 'receive', witać 'greet' and dzielić 'share').
Fear (British English Fear and Polish Strach) Tables 1 and 2 show that the clearest defining characteristic of fear and strach is high arousal (e.g. felt shivers, heartbeat getting faster, breathing getting faster and sweat). However, there are no significant differences between these two emotions on this dimension. On the whole, fear and strach do not present a clear pattern in terms of novelty; however, the somewhat higher element of surprise in fear, relative to strach, can be seen in jaw dropped and eyebrows went up, which are relatively higher in fear. The overall pattern shows that fear and strach are characterised by negative valence, as evidenced by a lack of smiling, a trembling voice and not wanting to sing and dance (Tables 1, 2 ). However, the relative valence of these two emotions is not clear as Table 5 shows that fear has a relatively more negative valence on the features frowned and produced a short utterance, but strach has a more negative valence than fear on produced a long utterance. A comparison between these two emotions on the power dimension is also not clear as fear is relatively more likely to have a loud, assertive voice, but to also have a quieter voice than strach.
GRID Results
Corpus Analysis Results
Detailed semantic analysis of the meaning of corpus-based individual collocates in both languages was performed manually to identify additional bodily cues of particular emotions and to elaborate on them, e.g. the Noun collocates of Polish fear 'strach' all specify bodily reactions of Experiencer such as ze strachu ściśniętym gardłem (lit. 'with a throat squeezed/pressed with fear'), i.e. to have a lump in one's throat. The collocates also describe fear as experienced with zaciśnięte ze strachu oczy 'eyes closed (lit. pressed) with fear' or the opposite rozszerzone strachem oczy 'eyes widened with fear', as evident in the corpus data. The corpus data provide detailed support and extension of the GRID features and identify features, which would be considered opposite to each other when taken verbatim (eyes opened or eyes closed). However, it can be reasoned that these are justified if different fear scenarios are taken into consideration (see Lewandowska-Tomaszczyk and Wilson [18] for a discussion on different fear scenarios). Descriptions of face and facial gestures also provide more detail: zastygła w strachu twarz 'face solidified in fear', ściągnięta strachem twarz 'face puckered with fear', skrzywiona ze strachu twarz lit. 'face bent/ twisted/grimaced with fear'. The GRID fear-strach results are consistent with the collocates of the fear words in both languages. Our previous analysis of fear in English and Polish [18] revealed two distinct fear scenarios: one in which fear paralyses, more frequent in Polish than English, and another where fear is controlled or conquered, more frequent in English than Polish. These results are coherent with the verbal collocates of fear and strach reported in the appendices (e.g. English [fear FIGHT scenario]: overcome, confirm, raise, lose, dismiss, dispel, ease and conquer; Polish: budzić 'wake (metaphoric)', _ zyć 'live', [fear FRIGHT scenario] paść 'fall down', trząść/dr_ zeć 'tremble/ shake', ogarniać 'overwhelm', umierać 'die', parali_ zować 'paralyse', napędzić 'urge/cause', najeść lit. '(be) eaten up' and oblecieć '(be) overwhelmed'). 
GRID Versus Corpus Results
The noun collocates in the Polish corpus data describe fear as experienced with rozszerzone strachem oczy 'eyes widened with fear'. This suggests an element of surprise in strach, which is inconsistent with the GRID results that show a somewhat higher element of surprise in fear in comparison with strach (higher values for fear on jaw dropped and eyebrows went up). The verbal collocates in the corpora data are consistent with the fight-fright distinction that Lewandowska-Tomaszczyk and Wilson [18] observed for British English and Polish, respectively.
Whereas the British English collocates such as overcome, dismiss, dispel and conquer suggest an energising, higher degree of power that might overcome one's fear, the Polish collocates (e.g. paść 'fall down', trząść/dr_ zeć 'tremble/ shake', ogarniać 'overwhelm', umierać 'die', parali_ zować 'paralyse') point to a less powerful response to fear in which the individual more passively submits to fear. The Polish-British English comparison on the power dimension in the GRID results was not consistent with this pattern. 4 Anger (British English Anger and Polish Złość and Gniew)
GRID Results
It is important to assess British anger vis-à-vis the two forms of Polish anger, złość and gniew. Tables 1 and 2 clearly show that these three types of anger are high on arousal, as exemplified by faster heartbeat and breathing, and feeling hot. The faster breathing of złość in comparison with anger suggests that złość has somewhat more of an element of relatively higher arousal (see features breathing slowing down and breathing getting faster, Table 6 ). The features pertaining to novelty (jaw dropped, eyebrows went up, and opened his or her eyes widely) do not present a clear pattern for the three types of anger. However, despite none of these emotions being particularly associated with surprise, Table 6 shows that the dropping of the jaw is significantly more likely to occur in anger than in both złość and gniew and the opening of the eyes is more characteristic of anger than złość. Anger, złość and gniew are characterised by relatively more negative valence (e.g. lower values on smiled, but higher values on frowned and pressed lips together). When comparing the three emotions on valence, it is evident that złość has a relatively more negative valence in comparison with anger (significant differences on three features in Table 6 : złość has higher values for pressed lips together and frowned, but a lower like him in these parts to strike the fear of God into them. We need a few 764 himself for this falling away, and the fear of bell-fire urged him to renewed value for moved towards people or things than anger) than gniew does (a significant difference on only one feature in Table 6 : gniew has a lower value than anger for moved towards people or things). Tables 1 and 2 show that anger is characterised by relatively high power (e.g. increased volume of voice, had an assertive voice, and spoke faster), with złość being somewhat relatively higher in power than anger (see lower values for złość on decreased volume of voice and spoke slower in Table 6 ).
Corpus Analysis Results
The differences in distinct manifestations of anger are captured in Polish in terms of two distinct EESs, one gniew 'anger 1' and the other złość 'anger 2'. Gniew is more controllable, and is therefore easier to suppress (note tłumić 'suppress' Verbs in the collocate table) when compared with złość (no suppress Verbs), and gniew also has a more definite reason (compare Adjectives for ZłOŚ Ć bezsilny 'powerless', bezrozumny 'unreasonable, irrational, unjustified' with GNIEW słuszny 'right, rational, justified').
Gniew typically occurs when an Experiencer reacts to another person (stimulus) who directs bodily or verbal acts towards the Experiencer and is considered to be an Attacker by the Experiencer. This emotion is partly controllable and is connected with some form of reaction from the Experiencer, who aims to stop the Attacker's action. The Experiencer feels hostility or detachment as a consequence of what the Attacker did to him/her.
Złość can accompany gniew but it can also be a reaction to negative or unfavourable conditions or circumstances (Stimuli), and it is therefore a reaction of displeasure towards something and can also be related to a feeling of antagonism towards someone or irritation towards something.
Both the less frequent collocates as well as the concordances of English anger and Polish gniew 'anger 1' and złość 'anger 2' uncover contextual characteristics of each of the emotions.
ANGER concordances 
GRID Versus Corpora Results
The collocation and concordance results for anger, złość and gniew are consistent with the GRID results as they show that these anger emotions are high on arousal and power and have a relatively more negative valence. However, although the collocation and concordance results, unlike the GRID results, do not provide a clear pattern regarding how anger, złość and gniew differ on these dimensions, they give additional information to what the GRID findings show. Further studies are necessary to uncover, for example, the possible sensory cues associated with the more controllable, easier to suppress gniew (tłumić 'suppress') in its comparison with złość.
Discussion
GRID and corpus linguistic analyses performed on the selected expressive behavioural and body activity features produced profiles that one would generally expect for the basic emotions joy, sadness, fear and anger and that are consistent with those observed by Scherer and Walbott [27] . The analyses also produced interesting cross-linguistic differences between Polish and British English for each of the emotions tested. The corpus data provide support for and enrich the GRID findings, both with reference to body movements, gestures and activities resulting from a particular emotion. The points of reference for the comparison between the GRID questionnaire results and the corpus analysis are respective body movements, gestures and activities performed by an Experiencer, usually expressed as Verbs or Verbal forms, and the emotion description and evaluation as verbalised in terms of Adjectives in the relevant linguistic materials.
Intra-Linguistic Differences
The GRID results regarding the differences between sadness, joy, fear and anger showed that there were similarities in the general contrastive pattern of these emotions within British English and within Polish. The corpus data provide additional information on emotion properties and their recognition from both intra-as well as inter-linguistic perspectives, particularly in the form of collocates with which the emotion terms are most frequently used (see ''Appendix 1''). The most informative are the Verbal and Adjectival collocates, while the Noun collocations are less frequent, with a lower significance level. In two cases (sadness and joy), nominal collocations cannot be generated due to the frequencies being below the threshold level of 5.
The pattern that emerged from the GRID analyses comparing British English sadness and the other British English emotions was similar to the one between Polish smutek and the rest of the Polish emotions. Both sadness and smutek are characterised by relatively lower arousal (e.g. slower heartbeat and breathing, and less sweating), lower power (e.g. decreased the volume of voice, fell silent and spoke slower), more negative valence (e.g. withdrawal from people or things, felt cold and less likelihood of smiling) and higher predictability (as evidenced by lower novelty-e.g. opened his or her eyes widely and eyebrows went up) than the other emotions.
The examined corpora provide additional data on sadness. English sadness corpus-generated collocations present a more moderate emotion level with the Verbal collocates feel, tinge and express. While sadness collocates most frequently with the Adjectives great and deep in our data, the Adjectival collocates of more positive emotions, like joy, are sheer, full and pure. Deep is particularly frequent with more negative emotions, as it is metaphorically linked with a lower, lying or weakened position, generally expressed as feeling down. Polish smutek 'sadness' collocates with the Adjectives of high intensity such as great, piercing, and boundless and (frequently metaphoric) Verbs of similarly negative charge (Polish equivalents to plunge/sink/drown).
Joy is generally regarded to be the opposite to sadness, and this was confirmed in the GRID results, which showed that both joy and radość, in comparison with sadness, fear and anger, are positive emotions that engender social engagement (e.g. relatively high values for smiling, moving towards people or things and wanting to sing or dance). Collocates of English joy confirm a high degree of arousal and a positive, energetic reaction to a Stimulus (jump, discover, dance, etc.). Polish radość 'joy' can be perceived in corpus data as having a more social character (first two topmost Verbal collocates are two forms of sprawiać 'give/ cause (joy)', the third being-dawać 'give'). It is also indicative of an Experiencer/Current Speaker's emotion, e.g. the form mój 'my/mine' is one of the most frequently used collocates.
Similarities were also present in the comparison between fear vis-à-vis the other British English emotions and strach in relation to the other Polish emotions. These intra-linguistic comparisons showed that the most salient characteristic of both fear and strach was high arousal (e.g. heartbeat getting faster, breathing getting faster, felt shivers and sweat). These emotions were also characterised by negative valence (e.g. lack of smiling, trembling voice and not wanting to sing or dance). However, a clear pattern did not emerge for either fear and strach when they were compared with the other emotions on the novelty and power dimensions.
The relevant corpus materials are revealing in providing more details of the fear event, which turns out to belong to two distinct fear scenarios. The two scenarios identified are-a prevailing (top frequencies of collocations) one for English-a FIGHT scenario, signalled by the verbs allay, overcome, dismiss, dispel and ease and the second-less frequent in English-involving a FRIGHT scenario and expressed by raise, tremble, grow, etc. Polish strach 'fear' on the other hand is dominated by the highest frequencies of the forms indicating fear-paralysing effects, causing trembling, shivering, etc., and presents a higher preference for the FRIGHT scenario in the corpus data.
The GRID results show that, relative to the other emotions, anger, złość and gniew are all generally characterised by a pattern of relatively high arousal (e.g. faster heartbeat and breathing, and feeling hot), negative valence (e.g. relatively lower values on smiled, but higher values on frowned and pressed lips together) and high power (e.g. increased volume of voice, had an assertive voice and spoke faster). These results complement other similar findings (e.g. Scherer and Walbott [27] ).
A striking result reported in the English ANGER collocation tables in ''Appendix 1'' is the feature of the Adjectival 'suppress' and Verbal meanings involving acts of venting, rising, provoking and controlling anger, which make them similar to fear on the dimension of control, with widespread eyes, sullen face/mood, emotions growing or suppressed, boiling or vented being, frequently metaphorically expressed, signs of English anger, which are parallel to and elaborate on the GRID features. Metaphor is clearly absent in the GRID questionnaire; however, it adds pertinent characteristic properties to the description of particular emotions.
Differences between Polish gniew 'anger 1' and złość 'anger 2', expressed in terms of top frequency properties related to 'justified anger' for gniew and 'powerless and unjustified anger' for złość, provide additional evidence both for the intra-linguistic distinction between the two concepts as well as for the inter-linguistic asymmetric relation between English and Polish in this respect. Additionally, it is worth noting that while in the case of joy or fear what can be inferred from the data refers typically to either Sources/ Stimuli of emotions or to the Experiencer of emotion who is the current speaker (moja radość 'my joy'; bojaźń bo_ zą/Boga 'God's/godly fear'), in the case of gniew the Nominal and Adjectival collocates point usually to external Experiencers of emotions as in gniew bo_ zy 'God's/godly anger'.
As a whole, this background of knowledge can form a database of features that can be employed in the robotics modelling of encoding and decoding expressive sensory cues pertaining to facial expressions (e.g. Wimmer et al. [38] ), motion cues (e.g. Castellano et al. [4] ), vocal cues (e.g. Vogt et al. [30] ) and physiological measures (e.g. Barber et al. [2] ).
Inter-Linguistic Differences
Differences emerged between British English and Polish for all of the emotions. The GRID results showed that smutek has lower arousal (e.g. slower heartbeat and breathing, and a lower score for feeling hot), somewhat lower power (see relative means of increased volume of voice and had an assertive voice) and an element of more predictability (less likelihood of the opening of eyes) than sadness. The consistency between lower power in the GRID results and the lower power in Polish corpora metaphoric phrases for smutek suggests that this is a salient feature distinguishing between smutek and sadness.
The only significant difference between joy and radość in the GRID results showed that the dropping of the jaw is more likely to occur in joy, suggesting that this emotion comprises a somewhat relatively greater element of surprise, although neither emotion has an extreme rating on this feature. This is consistent with our most recent observations from our laboratory, showing that whereas surprise is conceptually closer to the happiness/joy cluster in British English, it has a more negative valence in Polish. Complementing the GRID results, the corpora results further suggest that joy is relatively more characterised by more outward action and engagement, less control and less of a social element than radość.
The only clear difference between fear and strach in the GRID results was on the novelty dimension, which showed a greater element of surprise in fear than strach (e.g. jaw dropped and eyebrows went up). However, the relatively higher element of surprise in strach as shown in rozszerzone strachem oczy 'eyes widened with fear' in the noun collocates in the Polish corpus data is inconsistent with this. The relative valence of fear and strach is not clear as fear has a relatively more negative valence thanks to the features frowned and produced a short utterance, but a more positive valence than strach as suggested by higher ratings in the feature produced a long utterance. Similar inconsistencies were seen on the power dimension, with fear being relatively more likely to have a loud, assertive voice, but to also have a quieter voice than strach. The verbal collocates in the corpora data offer a more consistent pattern regarding power, showing that whereas fear is characterised by power, dominance and control, strach is associated with relatively more weakness, submissiveness and passivity.
Turning to anger, the GRID results show that złość has somewhat relatively higher arousal (higher ratings for breathing getting faster and lower ratings for breathing slowing down) and higher power than anger (lower values for złość on decreased volume of voice and spoke slower). In terms of novelty, there is evidence that there is more of an element of surprise in anger than both złość and gniew, as signified by the greater likelihood of jaw dropping in anger compared with złość and gniew, and a more likely opening of the eyes in anger than złość. Złość has a relatively more negative valence in comparison with anger (higher values for pressed lips together and frowned, but a lower value for moved towards people or things in Table 6 ) than gniew does (a significant difference on only one feature: gniew has a lower value than anger for moved towards people or things). On the whole, on the basis of the GRID results, it appears that there are more differences between anger and złość than between anger and gniew on expressive sensory features. The corpora results do not offer support for these results pertaining to the emotion dimensions; however, they provide complementary information on the differences between Polish gniew and złość. More specifically, gniew is more controllable and easier to suppress and has more of a definite reason than złość.
Corpus-Based Inter-Linguistic Emotion Profiles
In the case of sadness and joy, the corpus data provide confirming evidence to the GRID results and enrich details of relevant parameters of EESs.
The GRID fear-strach results are consistent with the semantic and collocational properties of the corpus data (see appendices for FEAR and STRACH Nouns, Adjectives and Verbs), which offer further evidence in support of our previous analysis of fear in English and Polish [18] , in which distinct fear scenarios were identified with a more frequent set of fear-paralysing expressions in Polish and more frequent elements showing fear-control and fear-conquering in English. The present materials point clearly to such cross-cultural differences in the linguistic data-first, English Verbal collocates include allay, overcome, lose, dismiss, dispel, ease and conquer, while Polish Verbal collocates are budzić 'wake (metaphoric)', _ zyć 'live', paść 'fall down', trząść/dr_ zeć 'tremble/shake', ogarniać 'overwhelm', umierać 'die', parali_ zować 'paralyse', napędzić 'urge/cause', najeść lit. '(be) eaten up' and oblecieć '(be) overwhelmed'. There are no fearcontrol Verbs in the top 15 collocates in Polish. More extensive corpus data provide additional materials, which uncover a heterogenous (polysemous, i.e. multi-meaning) character of the conceptual content of fear-strach and provide more compelling materials for three distinct scenarios in the Experiencer's fear-induced behavioural and psycho-physical properties in each of them, i.e. fright, fight and flight effects. When contrasted with Polish, we observed a prevailing fear-control pattern in the English corpus data. The analysis of fear-metaphor types presented in Lewandowska-Tomaszczyk and Wilson [18] provides additional evidence for the English preference of fight effect EESs in the corpus materials and a more frequent fright scenario in the case of Polish.
In the case of anger, two distinct concepts in Polish (gniew and złość) function as equivalents to English anger and display different collocational profiles, associated with each, which are blended in the English anger EES.
Although the results obtained from the GRID materials and from the corpus data are consistent and show a convincing picture of inter-and intra-linguistic differences in English and Polish emotions, a word of caution is needed. The results should be considered 'tentative cues' about possible differences in the overall dimensionality of the respective emotions in English and Polish, which would merit further investigation and confirmation.
The GRID and corpus results clearly show differences in emotions between Polish and British English and add weight to growing evidence showing cross-linguistic and cross-cultural differences in these and other languages (e.g. Lewandowska-Tomaszczyk & Wilson [18] , Wilson et al. [37] , Alonso-Arbiol and van der Vijer [1], Ogarkova et al. [23] , and Ishii [12] , as outlined above). Our demonstration of differences between Polish and British English in features pertaining to expressive, sensory cues in basic emotions that are commonly present in everyday social interactions are also consistent with recent studies showing cultural specificity regarding facial [13] and vocal [16] expression and should alert those engaged in the modelling of socially interactive robots to the need of taking such cross-linguistic and cross-cultural differences into account if such robots are to gain social competence in diverse cultures.
Lessons for Emotion-Sensitive Interactive Robots
What are the lessons arising from our study for emotionsensitive interactive robots? The first point is that there are a number features that could be detected by robots pertaining to expressive behaviours and bodily activities that accompany emotions, which when analysed as a complete profile can serve to distinguish between joy, sadness, fear, anger and other human emotions. The differences that we have found between British English and Polish are a matter of degree rather than major differences involving the presence or absence of features. For example, the observation that pressed lips is rated significantly higher for złość than for anger means that pressing the lips together is more likely to occur in złość than in anger, and not that anger is devoid of this facial display. In a similar way to a Polish individual who has had substantial experience interacting in the British culture has learnt that British anger is less likely to be accompanied by lip pressing, a robot designed to read the emotions in Polish culture must be retuned if it is to be as successful at recognising emotions in British culture. For this to happen, it is clear that further work is necessary to identify the prototypical expressive behaviour and bodily activity profiles of emotions in Poland, Britain and any other culture in which such robots will be used. In cultures where there are larger discrepancies in the cultural displays of emotion, relatively minor tuning of the feature profile might not suffice. For example, Ekman [6] noted that controlled anger in New Guineans is characterised by parted lips, which is the reverse pattern to the usual pressed lips he found for middle-class Americans. Such differences find some resonance in Wierzbicka's [35] analogy with music: '''Anger' is not a simple key in the keyboard; it is a complex culture-specific tune. The repertoire of emotional tunes differs from culture to culture'' (p. 10). For emotion-sensitive interactive robots to function effectively within different cultures, it is important to acknowledge the full spectrum of the differences in the
cultural repertoires of emotional tunes. These differences range from the strengths of the emotion features that we have seen differ between Polish and British English in the present paper, through major differences in the actual presence or absence of features that are exhibited, for example, in the expression of anger in New Guinea and the USA, to instances in which there is the lack of an emotion that exists in another culture, as can be seen in the lack of corresponding emotions to English grief in German, French, Polish or Russian [34] . A final, fundamental lesson to be gained from the results concerns the different manifestations of the same emotion or types of the same emotion. As Barrett [3] states, the expression of anger, for example, can take many forms depending on the circumstances, including a driver shouting and shaking their fist, an employee sitting quietly in a boardroom while listening to unfair criticism from the boss, or a teacher speaking sternly but cordially to a pupil because of their misdemeanour. This might explain the apparent paradox in our results that show that fear is relatively more likely to have a loud, assertive voice, but to also have a quieter voice than strach. Whereas the louder, more assertive version of fear is consistent with the manifestation of fight scenarios, the presence of a quieter voice in fear is typical of fright ones. It is clear that context is a major influence on differences in the outward expression of instances of the same emotion. If socially interactive robots are to accurately decode different manifestations of the same emotion, further work is necessary to develop the modelling needed to integrate expressive, sensory cues and contextual cues. The likely culture-dependent nature of this interplay between expressive and sensory cues presents further challenges to our aspirations regarding the competence of robots in the social sphere.
Conclusions
The different profiles that we observed for joy, sadness, fear and anger in both Polish and British English show that the behavioural expression and body activity GRID features that were selected can reliably distinguish between the outward expression of different emotions, while the corpusbased analysis provides important data on the circumstantial characteristics typical of particular culture-specific Emotion Events scenarios. Weightings of these features can be used in robotic modelling to create robots that can competently respond to human emotions in social settings.
The cognitive corpus linguistics approach provides information on the probabilities of the occurrence of some linguistic patterns of emotional language use based on their frequencies and distributional criteria. It has enriched the GRID analysis by identifying details of the bodily reaction (e.g. Pol. i czuła strach, i czuła niemoc 'and she was feeling fear, and she was feeling weakness') and provides more thorough information on causes and Experiencers of particular emotions (e.g. Pol. Ciotka, bezsilna, umierała ze strachu i modliła sie 'Aunt, helpless, was dying of fear and praying'). This methodology more closely determines the contextual conditioning of particular emotions and corresponding behavioural correlates.
By enriching and more deeply specifying the description, the method provides sufficient data to model culture-bound emotional behaviour by resorting to the clusters of preferential conditions present in the implementation of a particular Emotions Event scenario in a given cultural and linguistic context. Thus, the combined GRID and corpus methodologies identify more detailed patterns and cross-linguistic and cross-cultural consistency in emotions.
The different profiles that we observe for the emotions described in the present study in both Polish and British English show that the cognitive corpus method successfully extends the identification of emotion display in different cultures for affective robotics purposes.
From our cross-cultural comparison of Polish versus British English, it would appear that if emotion-sensitive interactive robots are to be employed in different cultures, they need to be tuned to the unique profiles of emotion features that are present in these cultures.
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